Mesenchymal stem cells (MSCs) 
Peroxisome proliferator-activated receptors (PPARs) are a group of ligand-dependent nuclear receptors responsible for gene expression regulation [8, 9] , and generally function as transcriptional regulators of adipogenic differentiation and lipid metabolism [10] . So far, three members of the PPAR sub-family has been identified: PPAR␣, PPAR␤ (also called PPAR␦) and PPAR␥ [11, 12] , each has different ligands, target genes and biological functions [13] . PPAR␥, expressed predominantly in adipose tissue and the immune system [14] , has been demonstrated to be a master regulator of adipogenesis and metabolic homeostasis [15, 16] . The critical role of PPAR␥ in cellular differentiation and insulin sensitization has been demonstrated in PPAR␥ knockout animals [17] [18] [19] . Suppression of PPAR␥ function through RNA interference leads to cellular differentiation towards osteoblasts rather than adipocytes in multi-potent mesenchymal stem cells [20] , suggesting that PPAR␥ may act as a gatekeeper of multi-potency in mesenchymal cells. [21] , was mapped at serine 82 of mouse PPAR␥1, which corresponds to serine 112 of mouse PPAR␥2 [22] [23] . Inhibition of p38MAPK with chemical inhibitors or p38MAPK gene knockout increases adipogenesis in embryonic stem cells [24] . Mutation of the main MAPK site of phosphorylation in PPAR␥2 (S112D) exhibits a decreased ligand-binding affinity [22] . It has been proposed that phosphorylation-mediated inhibition of transcriptional activity of nuclear receptors is an important 'offswitch' of ligand-induced activity [25] . However, not all phosphorylation events are inhibitory to adipogenic differentiation. Insulin treatment increases the ligand-independent transcriptional activity of PPAR␥ and enhances the TZD-induced PPARc transactivating function [26] . It was also reported that activation of MAPK/ERK pathway is required for adipogenic differentiation in an embryonic stem cells and in rat subcutaneous preadipocytes [27, 28] . It is possible that both claims are correct because the precise timing of MAPK activation during the initial stages of the differentiation process may determine its effect on the final destination of cells [29] .
Similar to other nuclear receptors, PPAR␥ are phosphoprotein and its transcriptional activity is severely affected by crosstalk with kinases and phosphatases. The regulation of PPAR␥ activity through phosphorylation is complex and controversial. The major phosphorylation site of PPAR␥, which is used by both extracellular signal-regulated kinase (ERK)-and JNK-MAPK

. Phosphorylation of PPAR␥ by activating mitogen-activated protein kinase (MAPK) signalling pathway reduces its transcriptional activity and subsequently inhibit adipogenic differentiation, whereas PPAR␥2 with a non-phosphorylatable mutation at serine-112 help cells to resist to inhibition of differentiation by mitogens
We recently reported that a group of MSCs derived from adipose tissue was found expressing PPAR␥ prior to adipogenic differentiation and lipid accumulation [30] 
Materials and methods
Cell culture
In line with the International Guiding Principles for Animal Research (1985) , bone marrow-derived MSCs were isolated as we previously reported [31] . Briefly, MSCs were harvested from the bone marrow of the femurs and tibias of 8-week- (Fig. 1C) . These results were also confirmed by Western blot (Fig. 1D) (Fig. 3A) . Data of real-time PCR indicated that higher concentration of serum led to higher expression level of PPAR␥ in MSCs (Fig. 3B) (Fig. 3E) .
. It was also indicated by quantitative analysis of immunofluorescence that percentage of PPAR␥-expressing cells increased tremendously in MSCs cultured in expansion medium with 10% or 20% FBS compared with that with 2% FBS. Percentage of pho-PPAR␥-positive cells showed big differences as well. Then we blocked the signalling pathway by specific inhibitor. Western blot showed that PD98059, which inhibits the activation of MEK1, decreased the expression of PPAR␥ as well as its phosphorylation (Fig. 3D). However, inhibition of p38 MAPK with PD169316 seemed to have no effects on the expression and phosphorylation of PPAR␥. Meanwhile, real-time PCR also showed inhibition of MEK1 activation in MSCs' reduced PPAR␥ expression level, whereas inhibition of p38MAPK slightly increased the expression of PPAR␥
PPAR␥ is expressed without phosphorylation in MSCs cultured with low serum concentration
Then we isolated MSCs from murine bone marrow with low serum medium (2% FBS) to see if serum concentration affected the phosphorylation status of PPAR␥. We used antibodies against either PPAR␥ or pho-PPAR␥ to show its expression and phosphorylation.
In the first row of Fig. 4 (Fig. 5B) . RT-PCR (Fig. 5C ) revealed the expression pattern of a set of adipocyte marker genes in MSCs.
, MSCs cultured in low serum medium show no expression and phosphorylation of PPAR␥. MSCs were then applied to adipogenic medium and examined by immunofluorescence at different time points. When PPAR␥ was expressed at day 1, it localized in the nuclei of MSCs. Then with the continual accumulation of fat drops in cytoplasm, PPAR␥ retained expression in the nuclei; however, pho-PPAR␥ never showed up until the end of adipogenic differentiation.
Fig. 1 Expression and phosphorylation of PPAR␥ in undifferentiated MSCs. (A) PPAR␥ was expressed and phosphorylated in undifferentiated MSC. MSCs were sub-cultured to passage 2 in expansion medium containing 10% FBS, before immunofluorescent analysis; secondary antibodies conjugated to rhodamine were applied for fluorescent detection. Scale bar ϭ 50 m. (B) PPAR␥ was also expressed and phosphorylated in primary MSCs. Primary MSCs cultured in expansion medium containing 10% FBS were directly applied to immunofluorescent analysis. Secondary antibodies conjugated to rhodamine were used. Scale bar ϭ 50 m. (C) Percentages of positive cells are similar between different passages of MSCs. Immunofluorescent images were analyzed to compare PPAR␥ expression and phosphorylation between primary culture and passage 2 of MSCs. Positive cell ratio was calculated as percentage of total cell number. Data were represented as mean Ϯ S.D. (n ϭ 3). (D) Western blotting confirmed the expression and phosphorylation of PPAR␥. MSCs, cultured in expansion media containing 10% FBS, were applied to adipogenic differentiation. At day 0 (d0) and day 7 (d7), total proteins of MSCs were extracted for Western blot to detect the expression and phosphorylation of PPAR. (E) RT-PCR then showed the expression of PPAR␥, PPAR␥ isoform 1 (PPAR␥1) and isoform 2 (PPAR␥2). MSCs cultured in expansion medium containing 10% FBS were applied to adipogenic differentiation. At day 0 and day 7, total RNA of MSCs were isolated for RT-PCR to detect the mRNA of PPAR␥, PPAR␥1 and PPAR␥2.
Higher concentration of serum enhances adipogenic differentiation of MSCs
Discussion
PPAR␥ was well recognized as a key regulator of adipogenic differentiation [18] . However, we recently reported that PPAR␥ could be found in undifferentiated MSCs derived from adipose tissue [30] [37, 38] [18] . However, our result was in agreement with other studies showing that undifferentiated 3T3-L1 fibroblasts contained significant levels of PPAR␥ protein in their cytoplasm [39] . More specifically, Moerman et al. reported that expression of PPAR␥2 was increased with the aging of murine bone marrow-derived MSCs [40] . Their findings indicated that microenvironment changes can induce the expression of PPAR ␥2 in MSCs. But why the expression of PPAR␥ in our cellular model did not trigger adipogenic differentiation and lipid accumulation in MSCs? Two differences in our study may provide reasonable explanations for the malfunction of PPAR␥: (i ) PPAR␥ was found in the cytoplasm of MSCs in our study. As nuclear receptor transcription factor, PPAR␥ has to bind to a specific element (PPRE) in the promoter region of its target genes, before it activates transcription in response to binding of the ligands [41] . So, PPAR␥ had been previously reported to reside mainly in the nucleus rather than in the cytoplasm [42] . thus reducing its transcriptional activity and inhibiting adipogenic differentiation [22] .
We first found PPAR␥ expressed in bone marrow-derived MSCs cultured in expansion medium without any adipogenic additives. This is different from previous studies indicating that PPAR␥ was expressed in differentiated MSCs
and activated transcription of its target genes in lipogenic pathways, including lipoprotein lipase (LPL), adipocyte fatty acid-binding protein (A-FABP or aP2), acyl-CoA synthase and fatty acid transport protein (FATP)
(ii ) Phosphorylation of PPAR␥ in MSCs was confirmed by immunofluorescence and Western blot. Phosphorylation decreases PPAR␥ affinity to its ligand by modulating the conformation of the unliganded receptor,
It ligand-dependent transcriptional activity in adipocyte cell lines [21, 23] . Treatment of insulin and constitutive activation of ERK stimulated PPAR␥ phosphorylation in vivo [26] . In vitro, serine 84 of human PPAR␥ was phosphorylated by ERK2 and JNK, and this phosphorylation was markedly reduced in the S84A mutant [35] the activity of factors that regulate PPAR␥ expression [29] . Janderova et al. reported that inhibition of ERK1/2 phosphorylation by PD98059 increase the adipogenesis of human MSCs [45] .
As early as the 1980s, scientists had already noted that human serum effectively promote the terminal differentiation of preadipocytes 3T3-L1 cell [46, 47] 
